This paper establishes a measure of bilateral differences in values using 857 questions from the World Values Survey. We explore the determinants of value distance, linking it to geography as well as the historical relatedness of populations across 90 countries. Furthermore, we explore the explanatory power of value distance for the diffusion of technological development.
The recent literature in economics has provided mounting evidence that culture matters for economic outcomes (Guiso, Sapienza and Zingales, 2006; Alesina and Giuliano, 2015) . While earlier research emphasized the role of cultural variables for economic outcomes within a country (Alesina and Giuliano, 2010; Eugster et al., 2011) , a more recent literature has put forward the impact of bilateral cultural differences between countries as a determinant of several economic outcomes, including technology diffusion (Spolaore and Wacziarg, 2009) , fertility choice (Spolaore and Wacziarg, 2016a) , conflict (Spolaore and Wacziarg, 2016b) , and trade (Fensore, Legge and Schmid, 2017 ). An important channel through which cultural differences affect economic and social relationships is the degree to which values differ between two populations.
Yet there is no comprehensive measure of such bilateral differences.
This paper intents to fill this gap by using the World Values Survey (WVS) to establish the dyadic value distance (DVD) as a measure of bilateral differences in values. We demonstrate that DVD is closely associated with geographic distance as well as with genetic distance, a commonly used measure for the historical relatedness of populations across the globe. In addition, we apply our measure of value distance to a specific research question and test how much of the diffusion of technology can be accounted for by differences in values. This builds upon Spolaore and Wacziarg (2009) who argue that genetic distance captures differences in values, norms, and habits and thus has affected the historical spread of technology.
Our work is related to Becker, Enke and Falk (2017) who document that specific values, such as risk aversion, altruism, reciprocity, and trust, are related to a population's ancestry. Dohmen, Falk and Huffman (2016) find that patience matters for the accumulation of physical and human capital and thus crucially affects variation in economic development between countries. We complement this evidence by documenting that other dimensions of value differences help explain the variation in GDP per capita across countries, most prominently a society's openness to new ideas and immigration, the attitude towards freedom versus equality, as well as work ethics. More broadly, our work adds to the literature on the importance of values and norms for a variety of social and economic outcomes, including smoking behavior, educational choices, and political preferences (Alesina and Giuliano, 2014; Galor andÖzak, 2016) .
Data
The data set that we use in this study is based on three sources: the World Values Survey (WVS), information on bilateral genetic distance, and numerous country-specific and bilateral variables. The latter two sources are relevant for the analysis of determinants and consequences of value differences. To measure differences in values, we use the longitudinal data set of the World Values Survey. This data set includes answers from all six waves that were conducted between 1981 and 2014. In total, representative national surveys were conducted in 95 countries although not all countries were included in each wave. Our analysis is based on a total of 857 questions. In addition, we provide value differences in 19 categories that we will describe later.
1
We complement our dataset with data on genetic distances from Spolaore and Wacziarg (2017) who argue that genetic distance is a measure of ancestral distance that captures a multitude of characteristics including differences in habits, customs, beliefs, norms, and conventions.
One can consider genetic distance as a summary statistic for intergenerationally transmitted traits across populations. The study by confirms this intuition by showing that although measures of cultural distance are poorly correlated to one-another, genetic distance is positively correlated to all of them. The data on genetic distance provided by Spolaore and Wacziarg (2017) is based on 267 populations defined by Pemberton, DeGiorgio and Rosenberg (2013) as well as ethnic compositions compiled by Alesina et al. (2003) . While all people in the world share the same gene variants (alleles), the frequencies differ across populations. When populations split apart, genes start to change due to random drift or natural selection. Assuming drifts are constant, measured genetic distance can be thought of as a molecular clock. In other words, genetic distance provides us with an approximate time since the populations of two countries were the same population.
Finally, we enrich our data set with detailed economic and geographic information at the country-level. This includes data on GDP and population size for each country. As primary source, we use the Penn World Table 9 .0 (PWT), for which we take into account the most 1 In the Appendix, we provide an overview of the country coverage for each wave in recent update by Feenstra, Inklaar and Timmer (2015) .
2 We also add geographic information to our data set from CEPII's data. 
where x s is the share of people choosing answer option s to question x, such that
when q denotes the number of possible answers. Using this metric, we take into account the structure of each question. To obtain a dyadic measure of differences in values, we aggregate the measure in equation (1) over all N questions in the WVS to get
as the average absolute distance in values. When exploring the effect of ancestry on income levels, Spolaore and Wacziarg (2017) argue that the relative genetic distance to the technological frontier, the United States, rather than the bilateral distance affects technological differences. Therefore, we compute the relative distance in values to the United States between two countries as
for each question x. Again, we can aggregate to have an overall measure of value distance for each country pair to obtain
which denotes the relative value distance to the United States between countries i and j.
The proposed measure avoids that the direct bilateral and the relative distances coincide, except for some special cases such as for questions with binary answer options and where x 
Determinants of Dyadic Value Distance
The literature in economics has defined culture as a set of beliefs and values that ethnic, religious, and social groups transmit from generation to generation (Guiso, Sapienza and Zingales, 2006) . We understand our measure of dyadic value distances as an integral part of cultural differences. Hence, we want to understand the origins of these differences by exploring two important determinants, namely geography and ancestral distance. The geographic distance between two countries is likely to affect value differences in at least two ways. by depicting that countries with a larger ancestral distance also have a larger discrepancy in answers to the WVS. This relationship is robust to including fixed effects for countries in the regression equation. To further explore the factors that explain differences in values, Table 1 shows the result of six regressions. We find that genetic distance has a positive and highly significant effect on dyadic value distance, even when controlling for a large set of geographic variables. A one standard deviation increase in genetic distance raises differences in values by 11% of a standard deviation.
- Table 1 Interpreting their results, Spolaore and Wacziarg (2009) point out that genetic distance -a proxy for ancestral relatedness -serves as a summary statistic for the divergence in implicit beliefs, customs, habits, biases, or conventions. They note that studying the specific microeconomic mechanisms through which the effects operate is left for future research. 5 To explore whether value differences help explain differences in current income levels, we introduce our measure of value distance into a gravity model that mimics the specification of Spolaore and Wacziarg (2009):
where the left-hand side, ∆Y i,j = |Y i − Y j |, denotes the absolute difference in log GDP per capita between country i and j in the year 2000. Our focus is on the estimated parameterŝ β 1 andβ 2 which indicate the effect of dyadic value distance and genetic distance, respectively.
Note that we can use either the simple distance between i and j or the relative distance to the United States. Furthermore, we add a vector of control variables denoted by X i,j which includes geographic distance, common border, differences in latitude and longitude, access to the same sea, as well as dummy variables for island and landlocked status. We follow Cameron, Gelbach and Miller (2011) as well as Egger and Tarlea (2015) and cluster the standard error (ε i,j ) at the country-pair level.
- Table 2 about here -
The results of Table 2 show that both genetic distance and our measure of value distance 5 "What traits are captured by genetic distance? We argue that, by its very definition, genetic distance is an excellent summary statistic capturing divergence in the whole set of implicit beliefs, customs, habits, biases, conventions, etc. that are transmitted across generations-biologically and/or culturally-with high persistence." (Spolaore and Wacziarg, 2009, p.471) .
have a significant impact on bilateral income differences. Column (1) documents that increasing the relative value distance raises the gap in current income levels. This effect is slightly smaller in column (2) when controlling for genetic distance to the United States as suggested by Spolaore and Wacziarg (2009) . Notably, the coefficient of determination (R 2 ) increases by about 30 percent. These results suggest two main conclusions: first, our measure of value distance has a large explanatory power for differences in GDP per capita around the world. Second, genetic distance appears to be a much more comprehensive measure, capturing substantially more than value differences that can be measured using the World Values Survey data. To illustrate the magnitude of the coefficients, we report the standardized beta coefficients. These are defined as the effect of a one-standard-deviation change in the regressor, expressed as a percentage of one standard deviation of the dependent variable. For the relative value distance, we obtain a standardized beta of about 23.7%. In comparison, we find a similar standardized beta of 24.6%
for the relative genetic distance. These estimates are comparable in magnitude to the impact of linguistic and religious distance for which Spolaore and Wacziarg (2009) find a standardized beta of 15.1% and 20.2%, respectively. Using simple bilateral value distance as well as simple genetic distance, the results of columns (3) and (4) are consistent with our findings on relative distances. To explore which specific values affect the diffusion of technology, we use our bilateral measures on specific value distances.
- Figure 3 about here - Figure 3 shows that values such as openness to new ideas and migration play a key role in the diffusion of technology. Notably, the finding with respect to migration is in line with prior research by Kerr (2008) who documents that technological knowledge can spread through migrants with a similar ethnic and cultural background. Furthermore, the relative valuation of freedom and equality as well as fate versus control are decisive values.
Conclusion
This paper establishes a measure of dyadic value distance. We explore the determinants and consequences of value distances by linking it to geographic and ancestral relatedness across the world. The findings shed light on the spread as well as persistence of values across generations and space. In an application to Spolaore and Wacziarg (2009) , we find that our measure can improve our understanding of the global diffusion of economic development. Table A .2, derived from re-estimating models (2) and (4) of Table 2 including these variables as additional regressors. The figure shows which WVS differences components can explain differences in GDP per capita, given genetic distance and the mean in WVS differences over all components. The components are further described in Table A. 2. Panel (a) shows results for the simple differences in WVS, while panel (b) shows the results for the relative differences in WVS. 
The table shows the result of six separate regressions using dependent variables as indicated in the top row. The sample includes all 90 countries. Geodesic Distance is re-scaled, measured in 100'000 km to improve readability. The additional controls include differences in latitude and longitude, as well as dummies for being an island, landlocked and having access to the same sea. Standard errors are clustered at the country pair level and shown in parentheses. Significance at the 10% level is indicated by *, at the 5% level by **, and at the 1% level by ***. Note: The table shows the result of four separate regressions using the absolute value of the difference in log GDP per capita between two countries as dependent variable. The sample includes all 90 countries for which we have data on genetic distance. Control variables include differences in latitude and longitude, geodesic distance as well as dummies for being an island, landlocked, sharing a common border and having access to the same sea. Standard errors are clustered at the country pair level and shown in parentheses. Significance at the 10% level is indicated by *, at the 5% level by **, and at the 1% level by ***. 
